ABSTRACT Juvenile-and adult-onset laryngeal papillomas were examined for the presence of a human papillomavirus (HPV) genome and capsid antigens. DNA was isolated from a portion of tissue removed for therapeutic purposes, and the presence of a papillomavirus genome was detected by Southern transfer analysis. The viral DNA found in the 12 juvenile-onset and the 8 adultonset laryngeal papillomas examined was identified as HPV-6 on the basis of size, restriction endonuclease digestion patterns, and homology detected under stringent conditions. Restriction endonuclease analysis of the viral genomes revealed at least four different subtypes, designated HPV-6c through HPV-6f. The most common subtype, HPV-6c, was detected in over half of the papillomas studied, including both juvenile and adult types. The remaining tissue was fixed and processed for immunocytochemistry. The immunoperoxidase technique was used with an antiserum that reacts with capsid antigen(s) common to all HPV serotypes. HPV antigen was found in two of the juvenile-onset papillomas and two of the adult-onset papillomas. The antigen was localized to the nucleus and was distributed in the superficial layers of the epithelium. HPV capsid antigen had not previously been detected in cases of adult-onset papilloma, and the HPV genome in both juvenile-and adult-onset laryngeal papillomas had not been characterized. Despite the absence of detectable viral antigen in most of the specimens examined, the presence of the HPV genome provides strong evidence for the papillomavirus etiology of these tumors.
Squamous papillomas ofthe larynx are a serious clinical problem because of their location, their resistance to treatment, their relentless recurrence, and their tendency to spread throughout the respiratory tract (1, 2) . The most frequent age of onset is in the first five years oflife, but the disease also occurs in adults.
Papillomas of the larynx are tumors of lobulated or papillary form in which each projection has a central core of connective tissue covered with squamous epithelium (3). They histologically resemble cutaneous warts, whose papillomavirus etiology has been established (for review, see ref. 4) . Although a papillomavirus etiology has been implicated for laryngeal papillomas, there have been conflicting reports on the presence of virus particles in these tumors when examined by electron microscopy (5) (6) (7) (8) . More recently, papillomavirus capsid antigen has been detected in juvenile-onset laryngeal papillomas by the immunoperoxidase technique of Sternberger (9) , using an antiserum that reacts with genus-specific antigens (10) (11) (12) . In these studies, papillomavirus antigen was detected in less than half ofthe juvenile-onset laryngeal papillomas. In the positive cases it was not possible to identify the specific viral serotype present in the lesions because the antiserum is crossreactive with capsid antigens of all papillomaviruses. Despite attempts to isolate papillomavirus or detect the papillomavirus genome in juvenile-onset laryngeal papillomas (13) (14) (15) (16) (17) , the etiological agent has not been characterized.
In this report, we present evidence for the papillomavirus etiology of both juvenile-and adult-onset laryngeal papilloma. We have demonstrated that the 20 laryngeal papillomas, which we have examined using the Southern (18) transfer technology, contain viral genomes closely related to the human papillomavirus type 6 (HPV-6) present in condylomata acuminata (genital warts). Restriction endonuclease analysis has indicated the existence of four different viral subtypes, which are found in both juvenile-and adult-onset laryngeal papillomas. We have also demonstrated the presence of HPV capsid antigen in both juvenile-and adult-onset laryngeal papilloma by using the genus-specific antiserum with a more sensitive avidin-biotinimmunoperoxidase assay, developed by Hsu et al. (19) . Immunocytochemistry. The avidin-biotin-horseradish peroxidase complex modification (19) of the peroxidase-antiperoxidase test (9) was used to localize the papillomavirus antigen in 6-,m sections prepared from paraffin-embedded tissue. The primary rabbit antiserum was prepared against sodium dodecyl sulfate-disrupted human papillomavirus virions from pooled plantar warts, and the specificity of the reaction using this antiserum has been described (20) . The reagents for the avidinbiotin-immunoperoxidase technique were purchased from Vector Laboratories (Burlingame, CA) and were used according to their specifications. The paraffin was removed from the tissue sections, and they were rehydrated and incubated in 0.3% hydrogen peroxide in methanol. After an incubation with 3% nonimmune goat serum, the tissue was incubated in the primary Abbreviations: HPV, human papillomavirus; SV40, simian virus 40; NaCl/Cit, 0.15 M sodium chloride/0.015 M sodium citrate; kb, kilobase pairs.
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The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Laboratories) under the conditions specified by the vender. After digestion, the DNA was extracted with phenol and chloroform, precipitated with ethanol, and dissolved in Tris/ EDTA. The DNA was fractionated by 1% agarose gel electrophoresis, stained with ethidium bromide, and examined by UV fluorescence photography. The DNA fragments were transferred to nitrocellulose filters (Schleicher & Schuell BA85) by the method of Southern (18) . Filters were baked in vacuo at 80TC for 2 hr and treated with 10x Denhardt's solution (21, 22) in 6x NaCl/Cit (1x NaCl/Cit is 0.15 M sodium chloride/ 0.015 M sodium citrate) at 680C for 3 hr prior to hybridization. The probe was HPV-6 DNA purified from a condyloma acuminatum (genital wart) of the cervix and inserted into the HindIII site in a derivative of the plasmid pBR322 (pHP6e-1; unpublished procedure). The plasmid was radioactively labeled in vitro by nick-translation (23, 24) and 2 x 106 Cerenkov cpm were added to each filter. Hybridization conditions were 680C for 48 hr in 4x NaCl/Cit/50 mM sodium phosphate, pH 7.2/ 0.5% sodium dodecyl sulfate/lOx Denhardt's solution in rotating glass cylinders (25) . Filters were washed with the salt concentration never lower than 0.66 M in order to maintain unstable hybrids. [Assuming a 41% G+C content, as has been determined for HPV-1 (26) , this corresponds to melting temperature tm -280C.] The dried filters were exposed to Kodak XS film at room temperature. To examine the stability of the hybrids, the filters were washed at 680C for 30 min in 1x NaCl/ Cit (tm -170C), exposed, then washed in 0.1 X NaCI/Cit (tm -0.70C), and exposed.
RESULTS
Immunocytochemistry. Papillomavirus antigen was detected in 2 ofthe 12 biopsy specimens ofjuvenile-onset papillomas and 2 of 8 specimens of adult-onset papillomas by using the avidin-biotin-immunoperoxidase assay. The viral antigen was localized in the nuclei ofcells in the superficial layers ofabnormal epithelium. Each biopsy specimen was tested at least two times with the papillomavirus antiserum as well as the control, SV40 antiserum. The positive specimens were reproducibly reactive with the papillomavirus antiserum, and nuclear staining was not observed in any lesion with the SV40 rabbit antiserum.
In three of the four positive specimens, only a small number ofcells contained detectable antigen, a finding that is in agreement with previous reports (10) (11) (12) (13) . Only isolated individual groups of less than 10 cells were found to be antigen-positive. For example, in specimen 81-229, from a juvenile-onset laryngeal papilloma in a male, antigen was detected in six koilocytotic cells (Fig. LA) . Antigen was not evident in any other of the several tissue fragments present on the slide. Similarly, there was a single cluster ofapproximately 20 positive cells in both 81-139, a juvenile-onset papilloma, and in 80-191, an adult-onset papilloma. In contrast, a biopsy specimen from an adult-onset papilloma in a male (81-220, Fig. 1B ) showed many positive cells in the superficial epithelium. More than 150 cells identified as containing papillomavirus antigen were present in six fragments. Other fragments with the identical histopathology were antigen-negative. The antigen was present in the nuclei ofkoilocytotic cells in the superficial layers (Fig. 1B) Hybridization Analysis. The papillomavirus genome was detected in DNA isolated from both juvenile-and adult-onset laryngeal papillomas by using the Southern transfer technique with a HPV-6 probe (Fig. 2) . DNA purified from laryngeal papillomas oftwo patients with adult-onset disease -v) , size fractionated by agarose gel electrophoresis, transferred to nitrocellulose, and hybridized with radioactively labeled HPV-6 DNA (pHP6e-1). The positive controls included a Hpa I digest of DNA from the condyloma acuminatum ofthe cervix (lane a) that was the source ofthe viral DNA for the molecularly cloned probe, and a HindIII digest of pHP6e-1 DNA (0.1 pg) with 2 Ag of human foreskin fibroblast DNA (lane n). Because there is one Hpa I site in this HPV-6 genome, a linear viral genome was generated and a single band of hybridization was observed (lane a). The HPV-6 genome had been inserted into the plasmid at its single HindIII site, and cleavage ofthe plasmid with this enzyme yielded the linear viral genome of8 kilobase pairs (kb) together with the linear plasmid vector of3.4 kb, as indicated by two bands of hybridization (lane n). The negative control was human DNA from human foreskin fibroblasts digested with EcoRI (lane w) with which no hybridization was detectable.
The size of the papillomavirus genome in the laryngeal papillomas was indistinguishable from that of the HPV-6 genome. A single band of hybridization was obtained when DNA from laryngeal papillomas was digested with BamHI ( Fig. 2, lanes  f-i) Genetic heterogeneity among the HPV genomes in laryngeal papillomas was indicated by the differences in the cleavage patterns obtained with EcoRI (lanes s-v), Hpa I (lanes b-e) , and Pst I (lanes j-m) . To examine the different subtypes of the HPV present in the laryngeal papillomas, DNA (2 ,ug) from 8 adultonset and 12 juvenile-onset laryngeal papillomas, including the four specimens analyzed in Fig. 2 , was digested with BamHI, HindIII, EcoRI, and Hpa I. All of the papillomavirus subtypes contained one BamHI site (Fig. 3) and one HindIII site. In one case, 80-13, it was necessary to analyze 20 ,ug of DNA, instead of the 2 pg shown in Fig. 3 (lane n) , to detect the viral genome.
On the basis ofthe variation observed in the cleavage patterns with EcoRI and Hpa I, four subtypes were identified in the laryngeal papillomas examined (Fig. 4) . The most common subtype (HPV-6c) could be identified in four papillomas of adult onset and six papillomas ofjuvenile onset, and is characterized by the absence of an EcoRI site and the presence of at least six Hpa I sites (Fig. 4, lanes a and b) of subtypes c and d (Fig. 4, lanes b and d) that the fragments are not present in stoichiometric amounts and the sum of the molecular weights of, for example, the Pst I fragments (Fig. 2,  lanes j-m) do not equal the size of the linear molecule, 8 kb. This is probably related to the distribution and extent of nucleotide sequence homology between the HPV-6 probe and the papillomavirus genome present in the laryngeal papillomas.
The papillomavirus genome in all ofthe laryngeal papillomas was shown to be closely related to HPV-6 on the basis of the stability of the hybrids under stringent conditions. When the filters shown in Fig. 3 Because the incidence of laryngeal papillomas in the United States has been estimated at 7.1 per million (2) and laryngeal papillomas have not been reported as being contagious even among family members, it is not surprising to find another reservoir-i.e., genital tract lesions-for the maintenance of the virus in the population. Maternal transmission has been proposed in reports of laryngeal papillomas occurring in children whose mothers had condyloma at the time of delivery (7, 8, 32, 33) .
The possibility remains that the viruses found in laryngeal papillomas are closely related to, but different from HPV-6 and contain distinct sequences that will be detected in find structure mapping. This possibility can be explored by using molecularly cloned genomes from laryngeal papillomas.
